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SUMMARY

A number of high strength structural sheet slloys, plastics, and thermel
insulstion materials were subjected to a variety of mechanicsl end
physical property tests over the temperature range of +78°F down to the
boiling point of liguid hydrogen (=-423°F).

The metsllic materials were selected for evaluation largely on ths basic
of their possession of desirable combinations of propertles, including
high strength/weisht characteristics, weldability, formability, corrosicn
resistance, and resistance to brittle fracture over the renre of tempern-
tures at which data were already available. Since the non-metallic
materials are intended primarily for thermal insulation and other non-
structural applications, the bulk of testing at cryogenic temperstures
was concerned with their physical properties.

} o]

The strengths of metals increase in the range of 50% to 100% from +78°F
to =423°F. Thus, in those structures which are subjected to maxinum

loads at cryogenic demperatures, advantage can be teken cf hircher strangtnc
‘ at low temperatures to reduce their weight by basing design sllowables
i upon low tenmperature properties. Many metals become embrittled at
| reduced temperatures and this characteristic must be consicered in the
selecticn of materials for cryogenic temperature epplicaticns. 0Of the
sheet alloys tested, desirable combinations of high strengtn, Riph
resistance to brittle fracture, znd gcod weldability are exhibltcd by
the fcllowing: severely cold rolled stainless steels such as Types 301,
i 304, and 310 (elthough Type 301 appears marginal st licuild hycrcwen
! temperatures), titanium alloy Al10-AT, aluminum alloy 5052-r38, and age
; hardened K-donel. 20% cold worked Haynes 25 alloy and 40% cold relled
’ Hastelloy B alloy exhibit good strength and brittle fracture resictsrt
ﬁ properties at temperatures down to =423°F, but their weldability war not
|

evaluated. Aluminum alloy 6061-T6 has pood toughness dowr tc =320°0 but
exhibits moderate notch sensitivity at -423°F. The hieh strength
sluminum alloys cf the 2000 and 7000 series nre very ncteh sensitive of
~320°F and at -423°F,

. - 13 R - .

Heat treatable stainless steels which barden by transfermotion tec mirtensits
(AM~355) become embrittled at cryosenic temperatures to ¢ creater extent
then do stainless steele which herden by a precipitation mecharnism (2-230),

Limited detas are presented on the rpechanicel propertiec at erycrenic
! temver=tures of some structursl plsstic laminntes oand adhesives.
‘ Trhermal expansicn and thermal conductivity dats on insuletion materinle

. , en the licvili oxyeen inpoct sensitivity off a laree number of ecroanic

moterials, and infermaticn +n the behevier cnaractericstice of filne,
| elasterers, and ploctics st crverenic tomperantures.
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INTRODUCT ION

The selection of engineering materisls for application in misciles nra
cpace vehlicles involves the consiceration of a wide variety of

structural metals, plastics, and thermal insulaticns that must operste

| over a wide spectrum of environmental conditions. Thsese cenditions

| include high end low temperature, fatigue (csused by beth tnermal cyclirg
' and fluctuating loads), and erosive and corrosive conditions as well =0
those environmental factors peculiar to space which include low preccire
with resultant lubricetion and evaporation problems, rzdiaticr (ultraviclet,
electron, and proton) and erosion due to micrometeorites and moleculer
impacts. All of these mgterials problems have been encountered at
Convair-Astronsutics during the Atlos (1955~ ) and Centaur £1950- )
developmental programs, and have either been solved or are currertly uncer
study in test facilities designed and built for this express purpore.

Thus the materials problems in future space vehicles represent 2 natural
continuation of those materials studies either completed or currently in
progress at Cenvair-Astronautice.

In the area of structural alloys, a wide variety of high strength shteet

‘ materials including cold rolled austenitic stainless steels; sluminur,
titanium, nickel, and cobalt base alloys; as well se several heat trest-
able stainless steels have been subjected at Convair-fstrenszutice teo

ests at temperatures ranging down to =423°F to determi:e tieir suitnbilit
i for aprlication in missile and spsce vehicle systems. fThese procrans wer
| supported in part by the Air Ferce Atlas and Centaur contracte, hui *re
! srester portion was supported by internsl corpeny fundine wricn hed been

nlleoceted tc advonced researcn and development projects. The ~tove alloyn

were selected for study becsuse they exhibited cne or mere of the

following characteristics: high strencth/density raticq, go0G tourtns £1

(i.es resistance to brittle fracture); adequate wel ldability; retenticn

of properties st both crycrenic temperatures and moderately hirh termrere-

tures in the range of 700°F to 1200°F; corrosion resistance; sand rcod

formebility. In order to obtain optimum strengths levels, the rllors

selected for study were either cold worked (cold rolled) or hent trerted ‘:.e
,  hardened or quenched and tempered) to their highest strenpth levels

ccommensurate with sdequate toughness. In addition, since weldability {ir

of prime impcrtance in the fabricstion of these vehicles, n2llcys were

tested in both the base metal and helierc butt-welded ccnlirurstions,

! The elloys were subjected to tensile testing at 78°F, -100%% -20%7,
g and —423°F in both amooth and notched cenflz ur<ticns, to yield values of
a yield strength, tensile strength, elcn{nticz, and noTcAed/unnotc“er Lemstie
retics (stress corcentraticn facter, ¥¢=6.2) in the bace retrl, ara
' tencile strencth ~nd elonpation in relicsrce butt-welded jeinte. Crondee!
. : cempesitions ana ctner pertinent informztion ¢rn tne metollic materis-le

’ teested zre piven in Appendix &,

POl O ATUZA
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“he notched tensile tests were included for study to evaluate toughner:s,
wnich is a measure of resistance to catastrophic brittle frzcture.
Tcughness 1s a property cf vital ilamportance tc the missile designer
because his structured sre subject to shock type lomds whilh cccur durins
hydravlic hammering, vibraticn due te rocket engine firing, action cof
quick-clesing velves, etc.,ana will ccntein ouilt in slrese concentrations
, of verying degrees of intensity due to welding cefects, tocl marks,
acsembly eccentricities, randem defects in the metal, etc. These
conditions all fever brittle failure, and become e€ven nore cevere &t

low temperature in that brittle frocture of many materials is mere

prone tc cccur 2t reduced temperatures.

| The severest type cf toughness test ccmbines hiph strain rates, sherp
notches, and lcw temperature, as typlfied by the Charpy V—nctch terst
: ccnducted at low tempersture. Notched/unnctched tensile tests were ured

in this investlgatlon as an index of toughness since almost all of tne
data reported upcn were cbtained on relatively tuin sheet msterinl ond
nc fully reliable impact test has yet been devised for thin sheet., 7
nctched tensile sample sllows use of sharp notches and low testing
temperstures, but does not permit the hich strain rates aveilsble in wue
Charpy V-notch impsct test. The initisl strain rate at the root cf tne
noteh is, hcwever, greater than encountered in tests of smocth tencile
specimens because of the stress concentration effect cf the notchner.

The stress concentretion facter of 6.3 was selected for use in thire
investigation because previous axial fetigue tests of ceomplex welded
joints on 301 extra full hard stainless steel ccnducted uncer the *i--
program had exhibited good correlaticn with notched/unnotcned tenti
retics obtained with thic value of Ky over a range of temperaturers
+78°F to ~L23°F. Appendix B presents test date on ccld werked stri
steels showing the correlation that hne been obtaired between th
rCLChed/unnotched tensile ratices and the fatirue resistsnce ¢f compulex
welded joints. A large body cf dats has been generated as part of thre
#tl1ss and Centaur prcgrams, and shows that less acute notches (e. g,

of 2.5 to 3.0) are less discriminatory between tough snd ductiie
materisls; in fact, in scme casee, tests with this notch acuity cn
known brittle materiele have vielded notcied/unnctched tensile rrtice
of sbout unity. Thue the lees sharp notch tends to show that all
materials are tough, when actually scme may be brittle under actuval
service conditicns, At the otrer extreme, however, stress ccncentr«tion
factors of 15 tc 18 have been emplcyed on 8 variety cf materials twv scme
investigators, and these tests in peneral tend tec meke 2ll meterisls,
inciuding tcugh cnes, appear to be brittle. Thus, a K¢ of &.3 lying
midwsy between these twc extremes has proven to be beth diserinmirnstery
between tough and brittle naterisls, 2nd to correlete with rervice
| behavicr, which is the ultimnte proof c¢f any laboerstory tecst,
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For example, in tests of 5052-H38, 2024-T3, end 7075-T6 aluminum alloys
(which are successively more notch sensitive) at -320°F, notched/
unnotched tensile ratios determined with s stress cencentration facter

of 3.0 811 lie close to unity, which would be interpreted as mesning

that each of these alloys has reasonably good and asbout egual resistance
to brittle fracture. The same tests on the same alloys at -32C°F using

a K¢ of 6.3 however, shows the notched/unnotched tensile ratios for
5052-H38, 2024=-T3, and 7075-T6 to be 1.02, 0.99, and 0,86 respectively,
whic¢h 1s their true order of toughness, or resistance to brittle fracture,
as measured by impact and the NRL G, (erack propagation) tests.

A final pcint of interest is that low notched/unnotched tensile raties
frequently cccur at «423°F where elongation values are relatively hLic-h,
and may even be tending to increase. This simply demonstrates that
‘elongation in the smooth tensile test is nct a messure of tcughnees,

or notch sensitivity. Until recently, meny investigators have been ucing
the terms ductility and toughness interchangeably,when actuslly they
measure two distinctly different parameters. FElongation, which igs a
measure of ductility, describes the ability of a material to deform
plastically under conditiens of clowly applied loads in the absence of
notches or other stress concentrations. Tcughness, which msy be
measured by Charpy V-notch impact strength, notched/unnctched tencile
ratics, and verious tear tests, is a measure of resistance tc brittle
fracture under conditions of impact loading and stress cencentrstione,
such as notches, rivet holes, inclusions, sharp re-entrant corners, ete.
Combinaticns of impact 1loads, stress concentrations, and low temperature
form the severest type of toughness test, and are all present in =
Charpy V-notch test conducted at low temperature. The correl~tion of theee
variables {i.e., strain rate, notch acuity, and temperature) hnoc becn
made for steels by Jaffe,et al (1), and these concepts may be extended
to other slloy systems.

As a result of these consideraticne, it is seen that a material mey Lrve

a large amount of ductility as measured by elongaticn, yet have very

poor toughness as measured by notched/unnotched tersile ratics, Charyy
V-nctch tests, or crack propasgation tests. For example, many of tre
caerbon steels exhibit elongations of as much ess fifteen percent in tersile
tests at «320°F, yet are class brittle in impact teste (2). Conversely,
scme hirh strength steainless steeles mey have elongations as low as twe
percent (which is considered ouite low), and yet nave excellent toustrecss
as measured by any of the previously mentioned tests (3).

nus, when concidering a candidste material for application in a rihly
tressed missile structure at low tempersiure, tie “esigner must rely cr
tcuphness dsta rather thap auctility dste for an intellirent celection

of mzterisls. This is especially true in tue crse of missile applicsticn:,
becnure all cenditiens favoring brittle failure -re prosent, i.e., nich
strein rates (vibrstion of rocket enrines, hydrsulic hommer, ooticn of

T
s
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quick closing valves, etc.), stress concentrations (spot welds, sharp
re-entrant corners, tccling scratches, etc.), high operating stresses
because of weight considerations, and low temperatures sssocieted with
cryogenic fuels,

ton-metallic materials are finding ever increasing applications in
missile systems. Plastics are being used extensively In the Atlas and
Centaur missiles, and the properties of plastics over wide temversture
ranges {=423°F to deccmposition temperatures) have been end =re being
investigated. Structural plastic laminates consisting of fiberglncs,
asbestos or Refrasil reinforcement and silicones, phnenolics, epcxies,
rolyesters and Teflon as binders have been studied and evaluated durine
the past three years for their ablaticn properties and for their hirh

end low temperature mechsnical and physicsl properties. This backpreound
in testing plastice at cryorenic temperatures will be extremely helrful
in the design of future cpace vehicles. Structural plastic laminates
and plastic heneycomb confipuraticons have been uced in the ftlas and
Centawr vehicles for heat shields, equipment pode, fairings, brockets,
and insuleticn. Similar applicaticne will be encountered in future

space vehicles and much of the dsta snd experience accumulated in the
pacst three years will be applicable to future space vehicles. Additien:]
work has been dene-on the effect of cryogenic temperatures on adhesives,
plastic foam insulations, plastic films, potting compounde and electricol
I insuletions.

A variety of experimental tests have been performed to evaluste varicus
nechenicel and physical properties of airborne components subjected to
cryocgenic temperatures, The mechanical properties of soldered and
brazed joints have been determined in both stendard tensile tests
conducted st =423°F, and in bend tests following thermal cycling belucen
78°F and ~423°F. In addition, dilatometric tests have been conducted ot
~320°F on = variety of materials tc determine their coefficients of
thermal expansion. Further tests have been performed on thermzl incuin-
tions tc determine thermal cenductivities, in addition tc the mechaninel
properties mentioned previously. Other studies related to tne wettine
of various materials by liguid hydrogen have been made.

The scope and content of these experimental pregrams, to be detailed in
the following sections, shows that Convair-/strcnautics has been in the
forefront of studies pertaining to materials problems in mirciles znd
gspace vehicles uwtilizing cryogenic prepellants., These studies, many of
which were ccnducted at ccnpany expense, nave resulted in 2 brosd
capability in cryopenic testing, includine the precurement ard develep~
| mert of test facilities and perscnnel. In the detalled sections whien
! follcw, properties of tne mcre nremising rnterials for oyplicstion in

i futurce spuce vehlcles are reviewed, and pertinent exverirental ists,
obtainﬁd in Convsir lsboratcrles, are discussed in terme of thelr
spplication in this type of spacc veiicle,
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COLD WORKED 300 SERIES STAINLESE STEELS

In the cold rolled condition, this alloy class exhibits an outstanding
combination of properties which suits it for structural application in
missiles and space vehicles utilizing cryogenic propellants. Thece
preperties inelude good strength/density ratios, excellent toughness
over the range of =423°F to +800°F, pood weldability, good corrosicn
resistance &nd excellent formability.

Type 301 cold rolled about 60 percent is the skin material used in the

.Atles and Centaur vehicles. A8 such, it has been subjected to an

extremely wide variety of mechanical and physical property tests includinge
mechanical property tests over the temperature ranpe of =423°F to 100C°F,
weldability tests involving heliarc butt, seam, and spot welds, and
resistance spot welds, stress corrosion tests, thermal conductivity tecte,
and many others. As a result of these tests the properties of this
material are accurately known and thoroughly reliable for applications

such as recently proposed long range space vehicles. At present, thic
alloy 1is being produced to a Convair specification which requires
fractional standard AISI tolerances for thickness, camber, flatress, ond
surfsce appearance, These closer tolerances resulting from cold rolling
by the Sendzimir process, assure a, more uniform product, which in turn
improves the design accuracy in such vitally important areas as welght,

and stress distribution. These advantages sccrued to Convair-Astroncutics
only after long and continuous cooperative effort with the steel producers,
of whom at least four major producers have qualified for the production

of sheet tc our reguirements. Thus the current availabllity of tihils specinl
material resulting from this development program would be of direct and
immediate benefit to new space vehicle contracts.

This alloy and type 304 ELC* cold rolled 20 percent exnlbit excellent
low tempersture prcperties, and eltheér alloy would make an excellent
skin material for new space vericles. The mechanlcal properties of tyre
301 cold rolled 60 percent between 78°F and ~423°F are pgiven ir Tables
4Ly 5 and 6 for gauges ,013", ,023" respectively, while the 'ecnnnical
preperties of type 304 ELC cold rolled 50 percent between 78°F and =-/Z3°F
are given in Teble 9 for sheet mgterial .012" thick. Irn additien, ty,r
301 extra full hard has been tested in gsupes as heavy as 100 inches,
nd egually nigh strengths are obtained st all test temperatures [see
Table 7).

&
Extra low carbon
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The 301 extra full hard exhibits a tensile strength which increases {rom
abeut 220 ksi at +78°F to about 330 ksi at -423°F, while the yield
strength increases from about 200 ksi to 285 ksi over the same temrcrature
range. This imrmediately raises the possibility of using the low
temperature prcperties as the basis cf design sllowables, when the
structure is subjected tc meximum loading cnly at low temperature. In

the new space vehicles it is recommended that the low temperature
properties be used wherever possible, tc cbtain an increase in yield
strength, and consequent weight reduction. This procedure is now ured

in selected areas of the Centaur,vehicle.

The incresse in yield and tensile strength in this alloy is accompanied
by an increase in elongation from about 5 percent at 78°F tc sbeut 20
perecent at -320°F, and then by a decrease to between 6 and 14 percent =t
-/,23°F. The increase between +78°F and -320°F is due to & chenge in the
nature of defcrmation between these temperatures. ft +78°F, this mrterisl
deforms by neckinpg over a narrow range, sc that the elongation mencured
over the standard 2 inch gsure length ie relatively low, although strain
at the necked srea is much higher. At «320°F however, this material
elongates uniformly over the entirt gauge length, with = resultine hicher
elongation. Between =320°F and -423°F, the cccurrence of the austenite
to martensite resction causes the material to fracture in a le=s ductile
menner [i. e.,less plastic flow prior to fracture) with a resulting lower
elongaticn.

The produwet of this reaction, martensite, behaves in a mere brittle
manner than does the austenite, and its presence in large amounte hae 2
deletericus effect cn the nctched/unnotched tersile rastic and tensile
fatipue properties of complex welded joints, snd makes the use of this
allcy marginal at ~423°F. For example, (see Appendix B) a decrease in the
notched/unnotched tensile ratio from 0.99 to 0.92 between =320°F and
~423°F is eccompanied by a decrease in cycles to failure in axial fatipue
tests from 2093 cycles to 633 cycles (at the same strezs level of

140,000 pei) between the same temperatures. Thus a moderate condlticn cf
embrittlement exists in this alloy 2t =423°F, and the severity of tre
service application (stress level, siress concentretions, etc.) will

e
nt

determine if tris alloy can be used. For example, Ap-endix B chcws tro

‘ for 8 lower stress level in the axial fatigue test (frem 140,000 pei to

! 120,000 psi), the average cycles to failure incresse from 633 cyelss te

| 1964 cyeles at =-423°F. This threefold increace in fntigue life ic¢ due to
' the steep slope of the S-N curve in the low eycle, hlgh strecs range,

This conditien of embrittlement alec manifests it=zelf in the rpresae of
experimental data obtained from repetitive tecsts. Appendix B stowre tlhic
effect in the +3 siema tabulaticn of cycles to failure in sxinl {tirue
tests. These liridts (i.e.,f 3 sigma) menn lthat ‘n er infinite zeries ¢f
izertienl tests, tre cycles teo feilure would 1l within the ~iven limits

! 20,37 of' the time. It is seen t st boti lever tenpercturss o ciiaop

P RO ATIZN
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stress levels contribute tc more brittle behavicr, a2s& indicsted by wider
+ 3 sigme levels.

Where better fatigue 1life for a given stress level is desired, a2 more
stable steel (i.e.,one in whien the sustenite to martensite reaction
does not occur) would be specified. Sucrh a steel is AISI type 310 C:i€,
which the Materisls Regearch Group has tested in the 40, 60 and 7%
rercent cold rolled cenditions

In the 75 percent ccld rolled condition (see Table 15) this alloy secrifices

some strength at 78°F as compared tc extra full hard type 301.to obtain
complete stability. liowever, the increaced strength of 310 at lcwer
temperatures exceeds the room temperature strength of type 301. Thus
where the stecl is stressed only at low temperature, type 310 impcces

no weignt penalty where room temperature properties are the basis of
design allowables. Tnis stability of type 310 is reflected by the iicher
fatigue life of this material in the welded joint st =423°F. ffter 2000
cycles (0-140,000 psi) at ~423°F, only one small crack haa appesred. Pased
on rrior expericnce in fatigue tests where final failure cccurs after 50
percent cr more of the number of cycles at which the first crack initistes,
it can be conservotively estimated that the fatigue 1life of this matbri-l
will be at least 3000 cycles st ~423°F; this compares with 633 cycles fer
the 301 CRES at -423°F,

A very large body of dsta pertaining ic the properties of type 301

stainless steel in varying degrees of cecld work, and welded joint confirurr-

tlons lias been accumulated during the Mtlas and Centaur programs, and =1
C these data would be directly applicable tc new space vehicle progro-co.
for exemple, softer tewpers of iype 301 sre used where forming cperations
must be perfcrmed during fabricotion. An example 1s the intermediate
bulkhead, of the ftlas, which is formed from gore secticns that ~re ccld
drawn to shape. Tables 1, 2, and 3 give the prcperties cf type 301 ¢cld
rolled betwecn 40 and 50 percent which is used for cold ferming, while
Table £ pives the mecnanical properties of this steel c¢nld rolled 78
percent. This .etter cteel was studied for the purpose of definine tre
range of cold work resulting in the cptimum combinaticn of strengih arna
toughness. As a result of this study (4), the range of 55=65 percent wrr
found to be the optirum degree of cold work, to yield tensile mnd vield
strengthe of 220 and 200 ksl respectively at 78°F acgospanied by »
noteched/unnotehed tensile ratio in excess of unity.
Otber studiee cf this elloy class have pertsined to Tope 304 F'7, ywiisn
exnibits 3 somewhat !i;her nctcncd,unUthheu tensile retic in the U
percent ccla rolled terper thantype30l extra full hsrd =t crycgenic
temperatures, Tiic -teel has **e notentisl of boing ccld worked or extes
10 to 20 percent, whieh would bring ite strerrctii level us to tiat of
tyre 301 extrs full hard. Type 304 TLC h-s ~ pewimip esrbor neprort of

LA TN T F2E, B )
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0.03 percent, which minimizescarbide precipitetion during weldinr which

caen cause embrittlement in the hest effected zone. The excellent
notched/unnotched tensile ratios (in excess of unity at all temperatures ‘
down to =423°F) of this alloy indicate that it would have maximum

resistance to brittle fracture. (See Table 9).

Additional studies of the effects of variation in chemistry and cold

work at low temperature on the mechanical properties of this alloy

class were performed on Type 302, (40 and 60 percent cold rolled) and

Type 310, (40, 60 and 75 percent cold rolled). The results of these

studies, siven in Table 10 through 15, show that the Type 310 is fully

steble, as deduced frcm notched/unnotched tensile ratios, in =211 {empers :
down to =423°F, due to its hirh nickel content {20 percent). However, ;
this alley dces not have the high work hardening capability that Type

301 exhibits. Type 301 derives its higher properties reculting from

cold work from two factors; strain hardening of austenite, and conversion
of austenite to the stronger martensite. This conversicn is promcted by
low temperature and high tensile stress, but is ccmpletely suprressed in
the Type 310 due to its high nickel content which stabilizes the susntenite,

Further studies of austenite stability as influenced by chemistry were
perfcrmed on Type 301-K* steel, cold rolled about 60 percent. The

data of Tables 16 and 17 show that this alloy has tensile ard yield
strengths approximately those of Type 301 extra full hard. However, the
lower notched/unnotched tensile rstios at lower temperstures show that
this steel is unsuited to crycrenic applicstion due to its relstively
unsteble mustenite, which is converted in large amounts tco the more
brittle martensitic phasse.

Stress cerrcsicn studies of Type 301 extra full hard have shown thst
this alloy should not be used in conjunction with magnesium alloys, no
matter how well painted, coated, plated, or insulated the marmesium rey
be. The smallest scratch or break in the protective coesting allows
corrosion products (MgO and Mg (OH)5) to come in contact with the
steinless steel, which then undergoes stress corrosion attack. This
attsck 1s accelerated by envircnments such as salt spray, but even lesc
severe conditions allow this attack tec cccour.

Otherwise this steel exhilbits excellent corrosion resistance snd
reguires only periodic washing with deionized water, or cecating with
corrosion preventive films to guard against cerrcsive attack. In
contact with other nlloys such as aluminum, K-Mcnel, titanium, and ctrer
steels, only nominal prctective messures need be takenm.

#
Hormal 301 compositiorn with appreximotely 0.10-0.15% nitropen ndded.
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In standard elevated temperature tests, the cold worked sustenitic
stainless retain their propertiecs tc abcut 1000°F befcre significant
loss of strength cccurs. In corder tc simulete the conditions of

rapid heatinpg which occur during tekeoff, samples of 301 were subjected

to rapid heating tests, where heating rates and stresses cculd be

programmed teo simulnte thcse conditions preveiling during takecoff ard
acceleration. These tests revealed thet no loss of properties cccurred
at temperatures up to 800°F, which is the maximum tempersture reached
on the Atlas skin.

211 of these studies of the 300 seriec stainless steels have been
sccompanied by thorough metallopraphic, x-ray diffraction, nnd magnctico
examinations so that the effect cf structure on properties could be
measured snd evalusted. A1l of these studies show that either Tyre 301
extra full hard (currently in use on Atlas and Centeur vehicles) er
Type 304 ELC, 50 percent cold rolled or mere,would make excellent
structural skin masterisls for new space vehicles.

ALUMINUM ALLOYS

The Convair-Astrcnautics ceompany sponsored test programs releting teo the
crycrenic properties of aluminum alloys dste back to 1957, when initial
surveys of the mechanical and physical prorvertles of sluminum alleoys
indicated a definite lsck cf engineering dsta, especially cn welded
joints, on all of the commen allcys attemperatures below =320°F nnd on
many new aluminum alloys at sll temperatures (5), s a result, a
comprehencsive testing pregram for determining the mechanical prerertics
from rcom tempersture (+78°F) to liguid hydrogen temperature (=423¢F)
cn the 2000, 5000, 6000 and 7000 series aluminum alloys was initinted
and has been in progress for over a year. Also, a study of certein
vhysical preperties, such as thermal conauctivity o2nd coefficients of
thermal expension as well se corresicon resistence was deemed necessary.
s pointed out in the facilities and capebilities brochure, lsborstery
eguipment and facilities essential for determining the very low
tempersture properties of these materials were rrccured by company
funds and a number of personnel were speclially trained tc hsndle
cryogenic liguids.

The low temperature mechanicsl properties of three 5000 series niuminum
alloys (5052-H38, 5086-H34, and 5154-:38) have becn ccrpleted (urce

tables 17, 19 and 20), end testing is currently in prosress on two verv
proemising aluminum alloys, 5083 and 5456. TFroperties determined

included ultimate tensile strength, yield (0.27) strength, elorenticor,
notched (K¢=€.3) uitimete tersile strength, ~rd nctehed/unrctebed
ultinete tencile ratios cf tne parent metel ~ra ultimate tensils strenstn,
elcngeticn, ana weld efriciency of heliarc buti weldse
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The 5000 series aluminum alloys are ideally a sinple phnse magmesium-
aluninum solid soluticn type alloy with a face-centered cubie structure,
ccnditions which would indicate rood toughness at low temperstures.
These alloys derive their strength frem cold werking, which lends itself
to the forming of high strength sheet material, sand by the alloving
effect of mapnesium. Also, they are ccnsidered weldsble by all cemmercirl
procedures and methods, and no post~welding heat treatment or processine
is required for good joint efficiency. However, as mey be seern in
Tables 19 and 20 the toughness (2s measured by notched/unnotched tensile
ratios) of 5086-H34 and 5154-H38 ~luminum alleys decresses sienificantly
between +78°F and -423°F. This result (unexpected for a sinsle riace
frce-centered cubic structure) has been attributed to chemical impuritie:
in the alloys as witnessed by an appreciable amcunt cf inclusions appnrent
in the microstructure. As one may sec. from this tyvpe of experience, it
is very difficult to generalize concerning properties cf materiasls at
cryogenic temperatures. Therefore, in view of these and other ecuch datn,
several alloys are being investigated to determine the effect cf impuritiers
(resulting frem normal commercial preduction) by preparing and testing
high purity alloys (obtainable by high purity alloying elerents, contrelled
atmosphere melting, ultrasonic treatzent during ingot solidifiecation,
ete.). Also, in view of the relatively low strenpth to weight ratio cf
‘ ! the 5000 series rlloys as ccmpered to stainless steels or titanium alloys,
: attempts to increase the strength by a greater degree of cold rolling
are being investipgated. '

/ Measurements of thermal conductivity and ccefficlents of thermcl expenricn
| are being made at ~320 and -423°F., A larre number of envircnmentol

| corrosion studies of aluminum alloys, clad and brre, and treir welded
Jjoints have been made. Alsc, corrcsion resistance of dissimilar junctiecr-
with cther structural materials have been deterrined, ant in these cnoes
where a correcsion problem was apparent, suitable organic coatines cor
electro-plated finishes were developed. Compatibility with liquid oxyron
i has been tested on an aluminum slloy (6061) and it was found to be imn~ct
sensitive at 30 to 70 feoot pecunds of impact load. It is felt tlat

more testing of this type is necescary; however, it is apparent trat »
certain amount of impact sensitivity with liguld exyeen existe. The
sirnificance of licuid oxycen impsact sensitivity as measured by verious
hiehly arbitrary metnods is sibject to censiderable discussion.

l 'he low tempersture mechanical properties of 2014-T6 and 2024-T3 and -i4
sheet and plate stock are being determined as representstive of the

2000 series aluminum alloys. Thie class of alloys centain ccmer ss

! their maln alloying element and derive their strenetlh from nse biardenins

| rescticnes "hese allecyc nre nct ecnerally cencidered weldable due to
Je.iG embrittlement and inherertly pocr etrficlency in tre as-welded

: conditicn.  “re tensile sirencths {50 tc 50 kesi at 78°F, erd 20 to L uoi
’ '. nt, ~423°F) =2re apprecirbly nicher than tre 500C rerics nlloy: ti:reby
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producing a more competitive strength-to-weight ratio. FLesults of the
low temperature mcchanical testing tc date indicate that these alloys
retain good ductility and tcuphness in the parent metal to =423°F,.
Therefore these alloys are concidered to be good structursl materials
at cryogenic temperatures if mechisnical Joining such as riveting may be
used in lieu of fusion welding. (See Table 21).

The 6061 aluminum alloy in the T4 and T6é tempers wes chcsen as represen-
tative of the 6000 series, a class of low alloyed ~luminum with copper,
magnesium, and silicon. Althoush this alloy is vulte weldable by sll
general welding technigues and retains rced ductility and toughness at
low temperatures, the very low tensile strengths (30-40 ksl at 740F

and 50-70 ksi st =~423°F) practically eliminate tnis material for missile
12e except for special low load carrying aspplicsotions. (See Tables

22 and 236

The very hiph tensile strength aluminum alloys 2re in the 7000 series,

a highly alloyed zinc, magnesium, copper type of alloy which derives

its strength from age hardening heat trestments. Alloys 7075, 7079,

and 7172 in sheet stock in various tempers and 7075 and 7079 plate stock
in the T6 temrcer were chosen for determining the low temperature
mechanical properties. These alloys have smbient tempersture tensile
strengths from 70 to 90 ksi which mskes them most impressive on a
etrensth te weight pasis. However ne methode of producing fusion welds
withcut inherent embrittlement and very poor joint efficiency hove been
found. (See Tables 24, 25, =nd 20).

Results of Convair-fstronautics low temperature mechanical testing
programs indicete that the 717¢-T6 sheet materisl is very brittle at
low temperatures with notched/unnotched tensile ratios cf 0.8 at ~320°F
and lower at =423°F. Also, the 7075 and 7079 sheet and plate alloys in
the 1-6 temper sre guite brittle at cryorenic temperatures with a
notched/unnotched ratio of about 0.85 at -320°F and 4423°F. The micro~
structure of these alloys shows & l=rge number of metallic inclusionsg
wnlcn cur-ests thot the touphness of these alloys mav be preatly
inproved by maintaining higher chemicnl rurity during production of
tne moterisl. A hirh purity aluminum sllcy, X7275, is being procured
for testing to determine purity effects.

Thus the sluminum slloys show the most promise for cryogenic application
in these places where compressive loads and hence buckling considerstions
control tne design. In these cases, the tough, weldable 5000 series
alloys such ns 5“56 5086 and 5052 would be u"ed. Irn cther applications
where weldins is not reguired, cptimum strength/density ratios combined
with sdequate tournness would be obtained with 2024-T4 or 201/~-T6.
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JATANIUM ALLOYS

The titanium base alloys are of major interest for mlssile and space
vehicle applicstion becsuse of their outstanding strength/density
ratios, accompanied by good weldability, and excellent corrosion
resistance, Convair-Astronsutics has been in the forefront of titanium
8lloy use in missile applicstlon, snd this work is bhest typified by

the successful development and use of the 6A1-4V titanium alloy in the
helium pressurizaticn bottles which form part of the pneumatics csystem
of the Atlas missile., These bottles contain helium gas under high
pressure, snd are cooled in liguid nitrogen (at «320°F) until just
orior to takeoff in crder to increase their gas storage capacity.
Immedistely after takeoff, these bottles are subjected to extreme
vibretiensl loading due tc their proximity tc the rocket engines, while
st low temperature. Thus, thic applicsticn requires a high order of
resistance to brittle fracture, which is poscessed by this alloy. For
; the helium bottle application, the 6A1-4V-T1 alloy is solution cuenched
and aged to a tensile strength in the range of 155,000 to 165,000 psi.

’ This developmental program recuired close ccopersticn with seversl
firms that manufsacture these bottles. The welding schedules, process
control, and quality assurance techniques were all worked out with the
f various vendors until today the process is routine. This knowledre and
E experience would be of irmmediate and direct benefit to the design of
; new epace vehicles in those applications where titanium would be specified.

| Additional company sponsored work has been in progress for over a yeer
| in tne evaluation of numercus sheet alloys at temperatures renging down
| to =423°F, including A1l10AT, 6A1-4V, B120VCA, 6Al-4(Zr-1V, 7A1-127r, snd
§ RS 140. (See Tables 28 through 34). Data from the AllOAT progrem is

| riven in Table 27 and it is seen thet thls alloy exnibits excellent

' notched/unnctehed strensth ratios which are especially peood at the lower
temperatures. This alloy was included in this study because of its sll
alpha (hexsgonal clece pecked) structure, as well as its excellent
strength/density characteristics, and its pood weldability. Vo
generalities can be made concerning the behavior cf hexagenal close
pracked alloys at cryorenic temperstures. Althourh magnesium nnd zinc
{botr h. c. .) tend to be briitle et low temperatures, the 6A1=4V
titapium 21loy {contmining a heat trested alpha + betn structure) r--
civen excellent service at =320°F in the form of helium pressure bett.ios
for pneumstics system pressurization ss menticned above.

Alloy Al10AT ie characterized by large increasec in both ternsile strencin

ond yield strength and very smell decreases in elonrstion with decrensing
temperature. 7This larze increase in yleld strength is of prime

. importsnce in mirsile desion, becnause many desitns are based on visld

strensth retner than tensile strength, ond lsrce increases in yield

H
— L] — — -
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strength at low temperature can be used to adventage in structures
which are hirhly stressed only at low tempersture. !

However, in most cases where yield strenrth increases repidly with !
decreasing tempersture, the tourshness of the =2lloy undercoes a

trensition from ductile to brittle behavior at relatively hish

temperestures, depending on chemistry, heat treatment, strsin‘rate,

type of test, etc. However, this titanium slloy displays sn excellent
notched/unnotched tensile ratio down to =423°F, and appears to be a
promising alloy for cryogenic aspplicntion in all respects., It should i
be noted, however, that this allcy loses strength rspidly at tempersturar
exceeding 600°F.

The welded joint of A110AT is as strong as the parent metal because
this alloy does not respond to heat treatment. Thus material air
cooled from the welding (molten) temperature has tre same strength as
the parent material. In tensile tests of hellarc butt welded joints,
{recture occurred in the base metal ratker than in the weld metal
because the weld had been roll planished, thus increasing its strength
slightly by cold work.

On a strength-weirht basis, the A110AT titanium alloy (5A1-2.5Sn) is
superior to the best steel ard aluminum slloys at crycrenic temperatures;
as shown in the table below, where the strength-weipht characteristics of
cold rolled Type 301 stainless steel sheet, 5052-H38 aluminum alloy, and
ALIOAT titanium allov cre shown at +78°F, -320°F and -423°F,

s

Tensile Tensile Strensth/
Density Test Strengtg Tensity
Alloy 1bs./in3 Temp., 1bs./in x 106
301
Steinless Steel, o
60% CW 0.290 +78°F 217,500 0.75
" | 0.290 ~320°F 315,000 1.09
" 04290 ~,23°F 326,000 1.12
504 2-H38
Pluminum Alloy 0.097 +78°F 45,000 C.47
" 0.097 ~320°F 60,800 0.63
" » 0.097 -4, 23°F 25,500 C.28
581-2.55n
Titanium Alloy 0.141 +78°F 119,000 0.7
" 0.161 -320°F 197,500 1.23
"' 0.161 =423%F 245,000 1.52
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The otner titanium slloys studied are newer alloys cbtained threougth =
close working relsticn between Convair-2Astronautics end the titenium
producers. The 6A1=4Zr-1V and 781-12Zr alloys were selected, becuuse
of their predominately salpha structure. However, the data of Tables
28 and 29 show that these alloys become notch sensitive at crycrenic
temperstures, probably because of the small emount of beta present in
their structure and poesibly becnuse of high interstitial impurities
such as oxygen, hydrogen, nitrosen, and carbon. The same effect ic
noted in alloys RS140 snd B120VCA as shcwn in Tables 30 2and 31, ngain
because cf the lsrge zmocunte of beta present in their structure.

The two alloys thnt rhow the most premise for cryorenie appliestionc

mre the Al10AT alloy in the form of sheet st temperatures down to

~423°F, and the 6A1-4V alloy in the form of hierh strength heat treated
forpings, down to =320°F. For use at =423°F, however, the GA1-4V

alloy is probably restricted tc the lower strenpgth annealed cendition.

The 6A1-4V titanium in the high strenpgth hest trerted condition i
undoubtedly tco brittle at «423°F to be reliasble for ure at liquid
nydrogen temperature. These nlloys are not sulted for use st temrcrstures
in excess of approximately 800°F, due to the rapid decay of their

strength at higher temperatwures.

NICKEL AND COBALT BASE ALLOYS

K-Monel

This alloy finds current usage in cryorenic missile system srrlicsticonrs
rueh as liguid oxypen manifolds where complicnted shapes must be feormed
from scft eheet materinl, »nd then welded and ase hardened tc higher
strength levels without distortion. This slloy exhibits the typienl
pehavior nssocinted with face centered cubic materisls; i.e., larpgs
increases in wltimate strength, snd smoller increases in yield strencth
and elongation with decreasing temperature, and in addition has » hich
welded joint efficiency at all temperatures, as shown in Toble 35.

Teble 35 shows that the toughness of this alloy as messured in the neotehsd
unnotched tencgile tests netuslly increesses slirhtly between +780F nni
=423°F. Tt is helieved this behavior reflects the tourhness of the
metrix, 2nd means that the Niy | (11, “l) rrecipitste which incresses

the strensth of the =alloy is present in °uch a fine dispereicn (not
visible =t 1000 dirmeters) that it does not =dversely effect the tourhners
of the face centered cubic matrix.

The unetched microstructure reveals the prerence of some inclnsions et
500 dismeters, but the hot rcllins and hest trestment have combincd to
cauce these particles tc spglomerate, so that no sherp edpes ere rresent
te nct ¢ ctress raisers. Ae a result of these rtudier =t Convair-
t=tronautice, Ke-lonel has been found te be o very formrbhle and weldsblie
~lloy in t}e nrnenled condition, 7nd ¢on be ~red to moderately hiry
strensths by s low tempersture nging trootment [1020°F) cuch that 144470

FCRY NC. A-702-1




2
o=

h]
4,

,‘ repory G-
| 12

CONVAIR u ASTRONAUTICS | et 35
/

__25 February 1940

IN G et
o

T — —— N -

distortion of the part occurs. In addition, this 2llcy is kncwn to
be very corrosion resistant.

This alloy weuld find applicetion in new space vehicles in such perts
28 intricately shaped liguid hydrogen and liquid oxygen fuel lines
snd manifolds,

Haynes 25 (L-605)

This cobalt base alloy hes been in use in the form of cold roclled sheet
for high temperature applications. However, due to its good resvonce
tc cold work and its {ace centered cubiec crystal structure which is
known to possess good low temperature toughness (as well as good
elevated temperature properties) this alloy was subjected to cryogenic
tests by Convair-fstronautics, Having a ccmbinstion of rood high and
low temperature prcpertiés in e sheet alloy suits this material for
cryosenic fuel tanks that may be serodynamicslly heated during takeoff
or re-entry.

Thie 2lloy was studied in twe tempere: 20 and 40 percent cold worked.
The 40 percent cold xolled slloy is teoc brittle tc be a useful
structural material, but the 20 percent cocld worked alloy posscesses a
very vromising cembinaticn of preoperties which suit it for crycgenice
application. The date for these alloys are shown in Tables 37 and 38&.

The 20 percent ccld rolled alloy is seen to have a tensile strength
which increases from sbout 160 ksi at 78°F to zbout 260 ksi at =423°F,
while t'e yield strength goes from sbout 120 ksi between the some

1 temperatures. Elongrtion remsine at sbout 20 percent at all tempersturees.
These properties sre accompanied by a notched/unnctched tensile ratic

; which exceeds 0.9 at nll temperatures studied. Thus this alloy 1s seen
: to combine feirly gscod strength with rood toushness down tc -AR23°F,

In aodition this alloy retsins the major part of its strength up to
1500°F, and & minor pert up to 1800°F, as compered to 301 CRES wnich
berine to lose its strength rapidly above 1000°F. For examwple, Haynes
<25 sheet cold rolled 20 percent exhibits & tensile streneth of 160 kei
at 79°F, 90 ksi at 1500°F, and 40 hsi at 1200°F , while Type 301 cold
rolled 60 percent and stress relieved for 2 hours at 800°F exhibids

a tensile strength of 275 ksi at 78°F, 200 ksi at 800°F, and 50 kei at
1200°F.

The 40 percent cold rolled alloy is exceedingly notch sensitive, havirg
a nctched/unnctened ratic below 0.7 at -423°F. This is accomprnied by
nn elongaticn of lers than 4 percent at all temperatures, which crures
this temper to be dropped for censideration for low tempersture cervice
apiliestions,

P o e e e e e e s
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Since pure cobelt is known to undergo 2n enbrittling phase transformetion
at low temperature, (foce centered cubic tc hexaronal close p~cked)
eamples of this alloy which hod been subjected tc =423°F during tensil:
testing were cubjected to x-rny diffraction studies., Samples sonked

at =423°F were studied, snd found tec contain only the frce centered ciuhic
rhacse, which is further supggestion that this alloy is well suited to Jow
temperature use. Apparently the high percentace of alloying elements
cause this remction to beccme so slugeish, so ss tc be non-existart in
finlte time, although the reasction may be fsvered from s thermodynnrmic
stardpeint. In sddition, the derree of cold work introduced into the
lattice by cold rolling at rcom tempersture would probably retard thia
phase trensformation st lcwer temperatures, because the transformation s
reguires an stomic chear movement that would be made more difficult in -
strained lsottice.

This 2lloy would find limited applicotion in newer space venicles st trcr-
locations normally exposed te eryorenic temperatures, but which are
subjected to temperatures in excess of 1000°F due to serodynamic hentino
during takeoff. Due to its unfavorsble strength/density ratic, further
use of this alloy would be minimized.

Hactelloy B

This alloy, like Haymes 25, ic primarily a hiph tempersture alloy that h-n
rood corrosien and coxidation resistance. It retsins over twe thirdr cf
its annezled room temperature yield strength at 1600°F, ond in exidizing
atmospheres mey be used at temperatures up to 1l400°F, which meokes it
especlally sttractive for spnce vehicle aprlicstions where zerodynrcrie
hesting during tekeoff and re-entry present hiph temperature oxidntinn
problems. For this study, the alloy was tested in the 40 percent cold
rolled condition, which ‘ncressed ites sannealed room termperature yield ~r?
tenslle strength values of 58 and 130 ksi to 177 and 191 ksl respectivelv.
The data of Teble 36 show that the alloy increases in yield =nd tersile
strength to 240 =nd 233 ksi respectively ot =-423°F, while elongatien
increases from 3 percent at 78°F to 16 jercent at =423°F. Of major
interest is the trend of nctched/unnotched tensile ratioc 2s 2 function of
temperature in Table 36, where the ratio 1s seen to remain close to 1,10
at all temperstures down tec ~4(23°F. This excellent touchners is sescei-t-
ed with the high nickel content (60 percent) of thie alloy whieh yieldrs

a fece centered erystal structure st all temperstures.

The favorable hich tempersature properties of this alley are mninly cue to
the presence of 27 percent molybdenum, which alsc lends corrosion
resistance tc this alloy, 1In additien, thirs cemposition has faverehls
responge to ecold werk, especially in yleld strenesth, which is seern to
increase almost threefeold with 40 percent celd work. Fowever, molvhierim
alro cortributes ~n unfavereble frnctor in dersity, by crucing thi- oilaoy

FORM NG. A-702-1




MRC-137 1

| .- REPORT * SR
CONVAW?VASTRONAU“CS - )
\ 25 Februory 1DA0

r— _ .““.4
i

tr tave = cdensity of C.334 1b/in3, compared to 3061 stainless stegl which
hes » density of .29 1b/ir3, This effect ceurer the Hastelloy B to
appesr in a scmewhat more unfaverable lizht than when corcidered con =
strength bssis eslone.

This work shows thst the nickel base "high temperature® alloys also show
promise for cryogenic application, and are not necessarily'embrittled

at low tempersture by the presence of lerge amounts of solid soluti
elements such as tungsten, as long as the slpha nickel crystal vtructure
is retained. This alloy appears to have premise for limited applicstione
such as certain exposed surfaces of crycpenic fuel tanks that might
become cverheated during takeoff or re-entry.

CRLAT TREATABLY STAINLESS STEELS

AM 355 Alloy

~e

This alloy was subjected to study by Cecnvalr-fstronautics because it is
one cof the niphest strength sheet steel q’loys aveilable at the present
time, and is finding a varisty of room and eleveated terperature,
aprlicaticns where =trenrtr/dens*ty parameters are of primary 1mrortance.
This allcy derives its hirh strength from a combination of plastic

strain (1. e., ccld rolllnn) and phase transformation of austenite to thre
higher strength martensite. The tenrering operstion then sctes tc improve
the tourhnesrs of the martensite. Upon low temperature testing, ss seen
in Tsble 39, thie alloy wor extremely nctech sensitive; in fact at -{23°F
the specimens broke cn the paure marks, snd other Dlﬂce s, mrking the
calculation of the notched/unnotched ratio impossible. 7lthough other
work in 300 series stainless steels has shown that structures contalring
some martensite of low carbon [ < .CR percent) content yield
satisfrctory notched/unnotched ratios, this study shcws that higher
carbon (.12 percent in this case) fully martensitic structures are wisuitzd
for cryogenic applicaticns.

1t is possible, however, that thiszs alley and othere of ite elase zuen oz
AM 350 may heve better low temperature tcughness (zccompanied by lewsr
tencile strength) if the heet trestrent is such as te yield more

austenite in the meortersitic mstrix. This is caused by the fnet thnt
austenite possesres » face centered cubie structure which is known 4c be
tourh at lcw terperature, whereas the mertensite has 2 body centered
tetraronal structure which is known to be brittle at extremely lew teupers,
expecially in the higher cerbon renges. Teste of AM 350 and AM 345

‘sub jected to varicus heat trestments are currently in prorress.

A 286 Flloy

Thic alloy was inciuded for study as a representntive of the age-hardensble,
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high strength, heat treatsble stainless steel alloy class. The alloy
wae studied in the annealed and twc heat treated conditions. One of
these heat trestments was the standard 1325°F, 16 hours, sir ccol,
while the second was on 1100°F for 16 rours, air ccol (both sging
treatments were preceded by a solution anneal of 1800°F, 30 minutes,
air cool.

Table 40 shows thst this slloy suffers from a low yield strength, snd

a moderstely low notched/unnotched tensile ratio =t low temperature.

Otherwise thies alloy behaves much like a typical face centered cubic

alloy. The anomalies noted appesr to be caused by the tendency of this :
8lloy to have @ very low rste of work hardening which is probably due to |
ites high nickel content (25 percent) even at low temperature. Thus this
| s8lloy at ~423°F in the annesled stete is capable of yielding st about

{ 100 ksi, 2ond then elongating over 50 percent while the tensile strength
i goes to only 200 ksi. This behavior also occurs te scme extent in the

] notched tensile coupons, where scme plastic flew was seen to occur at

i the root of the noteh, yet little increase in tensile strength occurred,
with the result that s low notched/unnotched ratio was obtained.

hicher tensile and yield strengthe and lower elongstions. One elgnificant
fect was however, that the samplee aped at 1325°F exhibited higher
notched/unnotched ratios than either the annesled or aged at 1JC0°F
sarples. This occurrence was ceused by the relrtively low Fyy (coused by
the higher ecing temperature), and the relstively high notched tensile

| strength, whizh alsc resulted from the higher aging temperature.

I
t The age hardened alloys behaved the ssme way cualitatively, but had
i
|
l
!

; SOLDERS

| Soldered joints heve been commonly employed in many missile electricnl

| systeme, such as telemetering, pguldence, esnd control units. Environmentsl
‘ conditions experienced throushout a missile's life recuires that many of

f there soldered joints withstand temperstures from nearly =400°F to

i poesibly as high as 300 tc 500°F as well ss certain types of radiaticn,

‘ and high vacuum cenditions. Choice of a fully reliable solder depends

i upon a soldered joint's particular service conditions; hewever, sufficient
; mechanical and physical preperty data on soft and intermediate solders

i were not avsilable to meke a fully reliable selection. Therefore s

| comprehensive testing program whose purpose was to determine the mechanlcnl
‘ preperties of solders at room and subzero temperatures was undertsken.

i The fellowing dasta are a result of this program:

|
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Ultimate Tensile Strengths of Soldered Joints#®

.=

_XT8%F =320°F  _=423°F
| 50 Sn=50Fb *%13,600 psi 21,700 psi 26,600 p=i
! 35 Sn=65Pb Soft Solder 13,600 pei 16,800 psi  1€,500 =i
i Indalloy #5 Intermediste Solder
| {25¢ In. with Sn and Fb) 7,500 psi 14,300 psi 21,200 vl

"Joints were prepared using 1/4" dismeter brass rod.
HAverage of three tests esch.

In sddition to the tensile properties which sre repcrted abeve, work ie
in prerress tc determine the shesr and impoct values of perent sclders
and soldered joints as 2 function of temperature.

Solders which will be tested include 60 Sn-40 Tb; 35 Sn-65 FPb; 20 Sn=g0
Pb. ; 1.5 Ae=l n=97,5 Pb; Indalloy #1; and Indelley #%. Corrosion
snd compatibility studies =vre also being mede on o variety of soldered
j Joints,

4

PLASTICS, INSUL’TION, *ND OTHFR NOMN-METALLICS

Flestic laminetes are normallyrémployeu in the ftles snd Centeur becnuse
of their inherent advgntagess 1i. e., high strength to weight ratie,

hirh percentage strength retenticn at intermediate terperaturec

(300°F -~ 800°F), low thermal conduetivity, rood low temperature mechsanical
preperties and good weatherability.

Mt presernt there is an active program st Convalr-istrenautics to determine
the tensgile prcperties of structursl plastic lominntes from rcom
tempersture down teo liquid hydrogen temrerature (-423°F). This progrsr
encompasses the materials normally utilized in the Atles and Centsur
vehicles. Tenslle data of high temperature phenclice-fiberglass

laminates conformirg tc MIL-R=9299 Type II Class I heve been run st

78°F, =320°F and -423°F, snd average values for ultimate tensile strencth
and modulus of elasticity in tension are recorded belew:

AVERAGE AVERAGE

! TEMF} EAT URE TENSTLE TENSILE

| STRENCTH MCDULUS

5 78°F 44,320 psi 3.47 x 106 pst

% -320°F 70,500 pei 4.56 x 106 pei

I . =423°F 70,250 psi __  _ 3.58 x 106 oz o

FORM NO. A-70241



“ REPORT MAG-132«1

CONVAW?VASTRONAUNCS PARE 21
/ 25 February 1960

1
7
1]

Pdditional tensile testing of plastic laminstes utilizing fiberglass
reinforcement and polyester, silicone, epoxy end Teflen bindere has
been initiated. Low temperature testing of the MIL-E-9299 material
in flexure, shear, compressicn and bearing has also been initiated.

Most of the structural plastic parts ir the Atlas and Centaur utilized
a sandwich type of construction: i. e., a phenolic-fiberglass core with
phenolic~fiberclass laminate -faces. This has the added advantage of a
high stiffness to weight ratio. In areas where insulation is required
to avold excessive boil-off of eryogenic propellants, plastic
composites of phenolic-fiberglass laminste faces and polyurethane fosm
‘ core are being errlcyed. A test program originating in May, 1959, was
; run to determine optimum materials fer the Centasur liquid hydrogen
j tank insulation. More than fifty (50) sandwich panels were constructed
; and tested. These panels utilized various plastic foam cores, various
 impregnated~fiberglass laminates and numerous adhesives. The test
panels were loaded in simple beam bending under two point loading and
the outer face wss exposed to a prescribed heat flux-time cycle
i simulating the "in-flight" aerodynami¢ heating. The most promising
meterlales are being =zubjected to further studies which include: high
temperature shear testing, thermal c-nductivity and thermal expansion
Heterminations, and flexure and shear testing of panels with one face
at cryogenlc temperatures and the other face at 575°F. This type of
program has resulted in a type of inculation panel which ccmbines the
use cof high temperature-resistant cuter faces, over-expanded foam core,
| Freon blow polyurethene fosm, and high and low temperature adhesives,
This type of background cen be directly applied to new space vehicles.

The requirement for low density thermsl insulation hss continuously
been a prcblem in the Atlss and Centaur vehicles. This type of
insulation is required for the licuid oxygen lines; the Centaur liquid
hydrogen tank; the forward, aft and intermediste bulkheads of the
Centaur; the 2tlas intermediate bulkhead; ~nd insulaticn for electronic
packapes. Convair-!stronautics has investipated the svailable plastic
fooms ard is actively engaged in the mechanical and physicel property
testing of these fosms {rom room tempernture down te =423°F, 1In the
past three yesrs thermal conductivity testing has been ccnducted on

i insulsting materinls from ~100°F to +300°F (see Teble 41). These

data sre being supplemented by sdditionsl testing at eryogenic tempera-
tures. Convair-Astronsutics is presently running thermel conductivity
values of plastic foems at =320°F (see Figyure 3) and e licuid nhydrogen
thermel conductivity apparatus is in the last stage of fabrication.
There is 2lso an active program being ccnducted at Convair-Astronauties
on the determinsation of tnermal ccnductivity measurements for plastic
laminates, plastic heneycomb, and composite structures from room
temperature to ~423°F, Various cther insulating systems (structural
and non-structural) have been investirated. These include the vacuum

V. -
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type insulating systems containing powders, fiberglass material, or
aluminum foil-paper composites; and non-vacuum systems of fiberplquu
batting, ceramic feams and impregnated aluminum silicate laminates

In order tc design composite structures of dissimlilar materials it

is essential to know the thermal expsnsion of each of the materials
over the operating tempersture range. In the past Convair-Astronautics
has been able to generate data on thermal expansion from -100°F to
+1800°F, and this range has now been extended to-320°F. The capability
is now in the process of being extended still further tc =423°F.
Typical expansicn curves of phenolic-fiberglass laminates and
polyurethane foam cver the =320°F to +75°F are given in Figures 4-9.
This program has been expanded to-include adhesive 2znd sandwich
structures along with the laminates and foams now being tested.

Some of the applicsticns in the Atlas and Centsur in which low density
plestic fosams are being utilized require the feam to ecarry some
rechanical loads. CShesr testp of these foams are being run from room
temperature down to -423°F  Initial testing in this area indicate
slight increases in ultimate shesr and shesr modulus values at =320°F
over the corresponding values obtained st rcom temperature. This
program will slso be extended to tensile, ccmpression end flexural
testing of fooms from +78°F to -423°F. The effect of long time storage
on the mechanical and physieal properties c¢f plastic foams is also
being investigated. This avellobility of test equipment, the
backgrcund of date and the experience of the personnel would be of
extreme value in the insulatlion problems whieh would be encountered

in new epace vehicles.

Convair hes antlicipated future prcblems sssociated with structural
adhesives at cryorenic temperstures, and has initiated a ccmpany funded
program to investigate the lap-shear, butt-tensile, impact, and peel
properties of adhesives covering the range of +78°F to =423°F. This
program covers the felliowing adherends: stainlesc steel, aluminum,
titenium, phenolic lesminnstes and combin-tione ¢f these adherends.
Tnitial testing with 1/2" lsp joints of .020" 301 CRES bonded with a
modified epoxy sdhesive hns resulted in low temperature lap-shear
values much higher st cryceenic temperatures than any rerorted by the
¥ntionnl Bureau of Standards (/ADC Technical Report 59-250). These
valves =2re listed below:

AVERAGE
TEMPERLTURE TAP~SHEAR
STREXGTH
7%°F 5,810 psi
~100°F 7,790 pei
-320°F 6,020 pel
-4 23°F 6,730 psi

- e 25 Februsry 13060
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Prelininnry testing of polyvrethane adresives at =320°F rnd =423°F |
has been completed. Folyurethane adhesive has been used successfully
in bonding polyurethane foam tc itself, polyurethane foam to stainless
steel, and phenolic-fiberglass leminate to iteelf. In 8ll caces the
adhesive withstood the extreme low temperatureswith nc apparent
embrittlement. Wnen bonding polyurethane foam tc itself, the resvlting
bond was stronger than the pelyurethane fosm. A sample of foam
! (12" x 2 1/2" x 1/2") was bonded to a 36" welded tensile specimen of ;
| 310 cold rolled <60% stainless steel using polyurethane adhesive. The !
specimen was cycled between O and 140,000 pei sprroximsately 5~6 times §
rer minute while immersed in liquid hydrogen. After 1700 cycles the ;
foam had cracked but the adhesgive remained intact. Pelyester adhesives
have also been evaluated for use in bonding Mylar to Mylar and Myler to
stainless rteel and have successfully withstood repeated cycling from

to 120,000 psi at =/423°F,

filicon crystals and ceramic wafers were bonded to 012" 707521 for
evaluntien in sclar battery spplications. Polyester, polyurethsne

and cyanoscrylate adhesives were eveluated for this application by

repeated cycling of the bonds from +78°F to -320°F. Only the cysnoscrylste
achesive failed as a result of thermal shock.

¥poxy, mcdified epoxy, pclyurethane, polyester, and rubber base adhesivers
: were used in bonding polyurethane foam to 301 CRFS. Cycling frem

| +78°F to =320°F resulted in failure of the epoxy, modified epoxy snd

; rubber based adhesives as & rcsult of thermal sheck and embrittlement

, of the adhesive., Samples of phenolic-fiberglass laminates were bonded

' to themselves and to stainless steel utilizine epoxy, polyurethane, -nd
modified epoxy adhesives. These bonds were cycled from +78°F to -423°F
with no feilures as a result of subsequent menual impact and flexure.

| A sandwich panel conelsting of aluminum honeycomb and phenolic-fiberrless
! faces bonded with & phenolic-epoxy, rlass supported adhesive was

| cycled for 10 hcurs between ~420°F and =320°F, and no trace of
deterioration in the skin to honeycomb bond was found. The same sample
was subjected to ecrushing and bending forces well beydnd any service
loads without failure.

Plaetie films and rasketing nnterlals have also been extensively inves~
ticated at =320°F and ~423°F as a result of materials tecrting for the
#tlar and Centsur vehicles. Of the many films tested for flexibility
et cryogenic temperatures Mylsr, Teflon and Penton showed the best
propertles. Extaustive testing has been conducted on Mylar end the
bonding of Mylar for eryogenic applications. Ivacuated bags heave been
| sueccessfully febricated utilizing Mylar, and this type cf beg esns be

i uted in cenjunction with fiberglsss material to meke an excellent low
!

temperature insulating system. Mylsr bapgs have also been tected in tro
laborstory for use as "zero g" fuvel propulsicn bare. The ure of Vylop

+
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for revlrcement of the non-ctructurel <tainlers steel secticn cf the
intermediste bulkhead c¢f the ftlas and Centour micsiles hss been
investigated and spiesrs feasible, ltiylar film re2s been succescfully
laminsted, 2nd theee loeminates successfully withstood cyeling fronm
+T79°F o0 ~320°F,

. Copvalr has in the post done extencsive testing of fluorocarbens and
} filled fluorocarbons for use in gaskets and lip seals. A testing
| rregrem is in prorress now to evoluste gashets in linuid hydrocen

to determine the molecular diffusion throurh the rasket, the load-
: deforration propertiees snd the porticle shedding prorerties. Recert
testes indicste thet Teflon impregnated zcbectos pnskets costed with
n Teflcn enamel met the 175 micron maximum poriicle cize criterina
whereas all other fluorcecarbens and filled fluorccarbens tested alled
tc meet this particle size sheddivg criteria.

Cenvair-tstrennutice ie also in the ridet of 2 company funded develeprment
vregran for modifyirnp fluorocarbons for use nt eryogenic tenperntures,
"he chiective in this yreoran is te improve low tempernture mechenicsl
and phyricel rreverties of fluorccerbons by mesne of modificetion of
filler mnterisls, heat trectmnent, snd pre~stressing technigues.
Mecnanical and physical properties will be determined over the tempern=—
ture range of +75° to «423°F cn specially formulated and processed
fluoroccarbon plasties. X-ray, infra-red, and visible light onalyces

will o2lsc be performed to investicete the crystallinity cf these meteri~i:
at rcom temperature and the effects of formulation and processing
technicues on crystallinity.

In direct supjort cf the *tlas anc Centaur progroms licuid hydrogen

ard licuid nitrogen testing of cctiing and easting compounds, eloetricsl

tnsulnticn snd ernll compcnents have been accompliched. The thermal

contraction cf Teflon cecated wire was investigated. It was found after
: immersion thet the shrirkage of s copper braided conductor tishtly
, sheathed in Teflon was only 1/2% for a 16' lensth st «320°F and
a;proximetely 3/4" for e similer lencth at =423°F. Furthermore,
insulsticn deterioration testing demenstrsted that the material retsived
ite dielecctric properties after low temperature cooling and flexins,
®ilicore rubber insulsticn wss found to be ingencsitive to impzct londr
up to 30 ineh pounds at =320°F. TVC rotting conpounds were found to
be frerile and contracted Trom the encleosure walls st ~32QSF., Otver
siliccne rubber and epcxy compoundes were found te crsck at =320°7,
Additional testing has been conducted on cuick disceonnects, clamps,
brsckets, ccuplings, =te.

A number of silicene rubner ond Teflen cushizned olome bave beou subloeted
to temperature cyelinge, wmechianicsl flexing, and slicht te moderately

severe impact loading at +72°F, =100°F, =320°F and ~42307, /11 cf ire
rubber cuchicre failed in a lass brittle fashion uron cyeline, flexineo,
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or impacting at both =320°F and =423°F. All of these failed after
four temperature cycles while in 2n uniosded condition. It wss

found, however, thet thick sections (0.50 inch or heavier) of siliceone
rubber were sble to withstand tempersture cycling snd the combination
of temperature cycling and impact at the cryorenic temperature.
Teflon (.020") cushioned clamps withstood the tempersture cycling
but r'ailed upon moderate impact loadine at =320°F. Thicker Teflen
sections (.050-,100) were able to witistand all tne test conditions.

One of the inherent problems in ueing licuid oxygen as an oxidizer

in a propellant system is the impact sensitivity of most oresnic
meterials and some mctals when in contact with licuid oxyeen. For the
art three yesrs Convelr has run hundrede of liquid cxyeen impnct
sencitivity tests. The test method conformed initislly to the rrecedure
set up by the LOX Iubricante Standards Committee, and more recently
the testing hes conformed to the standardized test method of the
Bellistiec Miesile Tivisicn of the Air Force. Tnble 42 contains test
data obtained on lubricants. Cther data on the liguid oxvren imroct
zensitivity of structwural plastice, pasket mnteriels, psainte, inke,
colvents, insulations, sdhesives, cealsants, plestic films, ete., hrve
not been included becruce of the larpe volume of data and the very
limited use of this specific type cf data., These data and the sbility
to do immedieste tecsting on new meterizles will be extrenmely v~lu=ble to
newer space vehicle programs.

.

The experience that Convalr-/stronsutics hes rained In the testing and
ure of non-metallic moterisls nt low (=423°F) snd hirh temperatures
(300°F~1200°F) will be of ereat value to new space vehlcles. Convair-
Astronautics has also considersble backeround in the ablastion propertics
of meterials. For the past tiree yvesrs plastics, metals snd cerauice
have been exposed to rocket motor exhausts (5500°F, Mach 3) nnd the
ablation rates of various msterials have been determined s a3 function
cf the fabricaticn variables of the m=aterial. “blation rates for
structurel plestic leminates have been determined as =& function of recin
centent, laminstine prescure and fiber orlentation. There is a
continual literature survey carried cut at Convair cn the mechanienl

and physicel properties of ncn-metallice, and this has mede Ceonveir
fully sware of ulist is being done and what type of informatlion is etill
required. This type of broad background in the cryorenic and hicgh
itemperature properties of structural plastics, adhesives and insulations
will be required in designing structural or non-structural insulstion
panels for future space vehicle precpellsnt tanke., It will be extrenely
valuable in designing insuletion bulkheads, structursl plastic e=drpters,
hest shields, ete. Convoir-Astrenautics' exrerience in gasket moterinl-,
potting compcunds, electrical insulation, etc., will be extremely
valusble in the design of hydraulic, pneumatic and electronic systems

of new space vehlcle systeme.

-
-
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TARLE 33

' Properties of Welded Joints in 5/16" 6A1-4V-Ti Alloy Plate.
Heli-arc Butt Welds, "V" Joints, Welds Completed with 4 Passes of Filler Wire,

Test

rg—

flush

Stregg Relieved Heat Treated
6A1-4V .SA1-2.5V  Ti75A 6A1-4V  3.5A1-2,5V  Ti754
Filler Filler Filler Filler Filler Filler
Wire Wire Wire _Wire Wire Wire
Tensile Strength, 139,400 127,600 101,800 171,200 147,200 115,700
+70°F,wcld machined 139,500 128,400 98,280 168,300 139,400 119,800
Tensile Strength, 141,700 136,300 129,200 173,900 170,600 132,700
+70°F, weld not 140,700 137,500 125,800 173,500 166,000 139,900
machined
Tensile Strength, 217,600 198,400 168,700 248,000 209,500 134,200
-3200F, weld 203,800 173,300 246,300 180,600 117,100
machined flush
Tensile Strength, 220,200 219,300 185,000 249,500 232,500 157,800
~32Q0°F, weld not 221,800 219,400 195,700 251,000 228,600 157,200
machined
% Elong., +70°F, 11.0 . 4,0 3.0 4.0 3.5 2.¢
weld machined flush 11.0 3.0 3.0 AR 2,5 1.5
% Elong., +70°F, 13.5 14.5 5.0 12.0 5.0 3.0
weld not machined 12.5 8.5 45 12.0 4.0 4.0
% Elong" -BZOOF, lll5 305 3.0 2.0 1.5 1;0
weld machined flush 2.5 2.5 2.0 2,0 1.0
% Elong.’ -320°F’ 1700 2805 Loo 3.0 4.5 2.’3
weld not machined 4e5 7.0 3.5 3.0
V-Notch Charpy, 17.0 21.5 2509 10.0 23.C 6.0
+70°F, ft. 1lbs. 10.0 22.0 27.4 8.0 20.8 7.0
V-Notch Charpy, T4 10.5 16.7 4.0 10.5 5.0
-320°F, fto lbs- 6.2 1008 13.5 501 1305 an

NOTES :

Stress relieved - 1300°F - 1 hr. at temp. air cooled, after welding.

Heat treated ~ 1725°F - 1 hr, at temp., water quenched, aged at
1050°F - 2 hrs,, air cooled, after welding.

Tensile test specimens - Fed. Std. 151, Type F2, flat test specimen,

weld transverse to axis,

V-Notch Charpy test specimens - Twice standard width, half standard thickness,
4 standard depth of notch; notched in weld metal,




Test
Temp,

+70°F
+709F
+70°F
+70°F
=320°F
=3209F
-320°F
~320°F

+70°F
+70°F

-320°F
~3209F

+70°F
«320°F

+70°F
~320°F

NOTES ;

(1) Specimens from same forging, Fed. Std. 151, Specimen R4, 0.160" diam,

TABLE 34

MECHANICAL PROPERTIES OF HFEAT TRVATED Ti-6A1-4V HEMISPHERICAL FORGINGS,
1/2" to 3/4% Wall Thickness

Direction
With Respect

to Grain Flow

Long.
Long.
Trans.
Trans.

Long.
Long.
Trans,
Trans,

Long.
Long.

Long.
Long.

Trans,
base metal
Trans,
base metal

Trans,

Yield Strength Tensile Strength ¢ £  V-Notch Charpv(5}
_psi psi Elong, R,A, ft, lbs,

127,700 (1) 146,200 27.0  53.5 14.0
132,300 (1) 147,800 27.5 53.1 14.8
133,200 (1) 156,400 6.5 34.8 10.0
133,000 (1) 154,000 25,5  38.0 10.2
225,300 (1) 232,800 11.1 30,0 9.5
229,200 (1) 234,200 13.3  38.8 9.8
236,800 (1) 244,300 13,3 23.6 8.0
236,100 (1) 245,100 11.1  22.0 8.4
137,000 (2) 156,100 16.2 52.6 17.7
138,100 (2) 153,300 16.2 A5.1 15.0
228,700 (2) 236,400 11.1  36.4 10.0
237,800 (2) 244,100 11.8  27.5 3.0
140,800 (3) 153,500 10 27.9 -
220,700 (3) 228,600 8 26.2 -
140,100 (4) 153,100 8 22.0 -

(4) 238,800 8 31.9 -

Thru pressure 232,800

weld

(2) Specimens from another forging, Fed. Std. 151, Specimen R4, 0.169" diam,

(3) Specimens from base metal of another forging, 0.113" diam., 0,625" gage 1ength:

(4) Specimens with pressure weld transverse to middle of gage length.
Specimens machined after pressure welding and heat treatin-.

0.625" gage length.

0.113" diam.,

(5) Double width, half thickness of standard 0.394" square specimens, with half
standard depth,

All forgings were heat treated.

aged 1025° - 1050°F for 4-8 hours, air cooled.

1725% - 1757°F for 2~/ hours, water quenched,




b TARLE 221

Ty . |

THERMAL CONLUCTIVITIES OF &M THEDMAL INCULATIONS T \
VARIOUS TFMpRHATURES, AL9ITUDES, *MD A7!OSIHERES

Trierm: .L
Conduer . ‘;-"i" ’
Speclmen Altitude Temperature ftmosphere Sy QITHE 55
Identificetion (°F) (der~, F o 030
Stafoam 404 65,000 - 43.5 AMr
Stafoam 406 65,000 - 46,5 Air b
Stafoem 406 67,000 - 3£.0 Air ROAL
Stafcam 1545.3 65,000 - 7.0 . ser VIS
Stafoan 1545.3 65,000 - 95,0 tir RO
2974 65,000 - 77.0 tir L
_ 27 67,000 ce 95,0 Eir
Now Q 9G7.1 65,000 - - 58,0 sir NV
Dow @ W7l 65,000 +100 tir e
Dow Q 307.1 75,0001 - 95,0 AMr RS
Dow ¢ 207.1 25,000 - 95.C £y fLizh
Dow Q 907.2 645,000 - 95,0 Mr 20
Dow § 10741 £5,000! +100 rir NN
Dow & 7.1 65,000 =100 sir NES
Pow § 907.1 25,000 + 30.C tir
Dow ¢ 0741 5,000 + 39.% Mr RV
Now G 907,12 5,000 ~ 5.0 Mr 207
Nepco B 007 0 - 89 Air RN
Norco 3 607 55,000 - 63.5 AMr . TR
lopeo B A07 £5,000" - 66,5 tir U35
topco B 007 65,0001 - 95,0 tr Nelh
t.opoo 3 n07 k5,000 - 25.0 Adr e
Horco A 204 £5,00C! - 7.0 “r ot 2
Coodrich H 327 65,000 - 71.% tir R
rC 271 25,000° - 9%.0 tir RURY
Corefcem (1t) 25,000 - 25,0 ©oMr AN
Tenith 228 0 - 92,0 *4r ok .
’enith <31 0 -100 tir A
serlitn 246 0 - 97 ‘ir LR
wenith 248 0 - 47 . Hr JDAA
Zeritn 230 0 - 35 . Ay ol
570211.1 0 - 7 Mr el
5702112 0 - 97 Hr RO
5702322, 2 ¢ - a7 ‘ Mr ST
Stafenm 1102 . Q + 63 Air LS e
Stafoam 1102 0 +116 'ir S
Stafcam 1102 0 +300 tir o
Dow Q 7.2 9 - 97.0 Ar el
Dow Q 907.2 0 + 7.0 Aip e
Metal Heneycomb 0 + 70.0 Alr o
Y%epco A 210 0 +100 Atr
Yopeo A 210 C +115 Fir <
Noepco * A 210 c , 0 Afr .
Nopeo r 210 0 -100 Ay
Nopeo A Z10 0 +175 e *
Nepeo A 210 o +175 Adr
rethana 0 + 758 : He




TEuLE A3 AU

2
THERMAL CONDUCTIVITINS OF JOME TovhM*L INSULATICOND 7
VIRIOUE TLMPRRATIRES, ZLTITULES, 20D ATMOSPITRES

S;recimen tltitude Tempsrature Munosrhare
Iderntifiecstion few)

Uretirne 0 + 75 Alr WO
rethane 0 -1 My

lrethone 0 -100 Ya

Urethere Ve G C tir

irethrne v 0 ie

i'retiene 0 «20 €

Sretibnre 0 he

Urelhnne O ie

Tratrone 0 i3

lrethnne 0 e

Tret wog 8] Mre

“retiene C Sir

retinne O Yir

Uretrere G ? “ir

retrane Q *r .
rethane 2 “ir o
Urethiene s M- .
Urettane G ir RPN
Urethrne ] - 50 Air S
Urethane 0 ¢ Yir .
Urettane 0 0 Air AV
Uraethane & + 75 He

Urethane ; + 7 e

'rethane 0 + 75 Ve

{retnene v - 50 ne

*®icreo B 610 25,000 - 95.C

*Yoreco B 610 25,W0! +10C

*lopco 2 610 «5,000! +200

MUY 1. N¢ trert=l c-neuctivities were determined for srmple #8610 since 24
prrunk bedly ot 100°F eni 20C°F,
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IFPACT SENSTITIVIOY 7 LI 7 ih o xY7TraLim - T0INTS
Imget
Mrterinl Curylier evel (fr=lne) Deteretion:

*1linuld Oxyven™ T-fe
"t liuld Oxyren” tele 3-ten 5
"aguii Oxypren® fufe 3aten 7
fynthetio Mti-Teize
Tresse !noerel L=735
frderol le751
tubripi=tesriro
Lubrinicte~ Low Tesnn,
1G20 Mica Gresce
Fel=lro C=5 ri=Tem;
Trres3 Lubricert
nira Furity Goon
5lue Soop
Cellulube 220
Tixseel
?{xseel {over .ried 1.5 hre,
st 150°0)
Kano yrolube
frp lde ersion He. <~
Flourclene G
trochler 1254
Aroenior 1260
Hoke Slic .°1 {rir aried)
Loke “lie Tcal [oven dried)
120°C, 10 min
fenl
“luorolube FS-% 011
Irilube Type 209
Heaay Lube Ne. Z
“omround Noe <05
[4.uid Cxyren Srece No A,
2=0502

Pati-Telze Corcund #250
Ueon [ubricent 1.3-165
Rer v wube Noe 7, Boteh 9
resdy lube Yoo 2, datch 4
“wnthetie Anti-Teize ‘reace

"Hectorseal® £5-15% Taroed Cempound  Heetor Well FEiuliment Co.70

Cenl Bite Yoo 3 (iried =t
room temp. fuor ol are.)
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